Best 

Available 

Copy 


NOTE: -  Thia  form  ia  to  bo  executed  to  ahow  propoaod  distribution,  and  forwardod  in  triplicate  to  the 
Chief  of  Ordnance,  SPOTB-Kea .  Coord  tor  prior  approve  i  of  aii  die  tr  ibut  ione  outride  of  the 
Ordnance  Department .  Propoaod  die  tr  ibut  ion  to  aganeiaa  or  individuate  where  official  intereat 
in  the  report  ianotobvioue  mua  t  be  jua  t  if  ied  by  explanatory  a  to  to  monte  on  the  back  of  thia  form * 


TOTAL  NO.  OF  COPIES 
I PNEPAWED  55 


I’  S5W,“  WATERTOWC  ARSEKAL  j 

— -  TECHNICAL  REPORT  DISTRIBUTION  *-= - £==—: 

no.  730/137-9  title.-  • Stresses  in  Gan  Tubes,  Stresses  in  Guns  unaer 

Combined  Band  and  Gas  Pressures,  Part  10,  ’-atching  of  tie  External  Tangen¬ 
tial  Strain  Data  in  Smooth-Bored  Elastic  Guns  urder  a  Discontinuous  Band  c 

a  Sisole  ^atheaatica..  Expression*  B 


report  wo.  730/137-9 


OU  > 

—  o  6 
•  cl  uoe 
OO  O  ft. 
Z  U  A. 


TO: 

OdO-SPOTB-RES  COORD 


WITH  Hi  MATERTOMR  ABSEHAlU  $ 
LAB  -  MASTER  FILE 
jAUTHOR:  0.  L.  Bowie 


E.  N.  BefiRQ 


FICE.  CHIEF  OF  ORDRARC 


SPOTX 


FOTR 


POTM 


POTT 


POTC 


POTS  I  2 


POTU 


SPOIR 


SPOIM 


SPOIS 


\mm\ 
i  mum 
wmm 
wmm\ 
mmm 


mzm 

vmm 

mm* 

mm3 


wmjR 


HER  U.S.  MILITARY  OR  N 


U.  S*  Haw  Yard 


-j 

U.  CO 

«< 

O  ui 

— 

oo 

•  a. 

Oft: 

oo 

o  a. 

sc  u 

a. 

nm 


Ground 


nt  of 


S.  INDUSTRIAL  FIRMS  AMO  OR 


Franklin  Institute 


in 

mi 

in 

□ 

1 

Si 

m 

raj 

in 

in 

m 

1  OR 

■ 

Si 

in 

in 

m 

in 

SB! 

mm 

wm 

mw. 


VUff/i 


mm 

mm 


HER  ORDMAHCE  A 6 EMC IES 


APG-OrdResADevCtr-SPOTZi 


FRANK FORD  A  -  SPOBA 


PICATINNY  A  -  SP0B8 


ROCK  ISLAND  A  -  SPOBC 


SP6FIELD  ARMORY -SPOBDi 


WATERVUET  A  -  SPOBF 


OETROIT  ARSENAL- 


wmji* \ 

HHB 


UlS.  CITIZENS 


mm\ 


R6N  KATLS  OR  GOVTS  (th[ru 


Original  Drawings  of  Figures  1  and  2  filed  Applied  Ifechanies  Branch. 


„»-  tTrg:- 


7aterto*T.  Arsenal  Laboratory 
Report  dumber  73Q/\Z1~9 
Problem  Kursber  L-7.2 
(Partial  Report) 


21  October  1946 


SUBJECT 


Stresses  in  Gun  Tubes 

Stresses  in  Guns  under  Combined  Band  and  Gas  Pressures,  Part  1C, 
Matching  of  the  External  Tangential  Strain  Data  in  Smooth-bored 
Elastic  Guns  under  a  Discontinuous  Band  of  Internal  Radial 
Pressure  by  a  Simple  Mathematical  Expression 


OBJECT 


To  present  a  simple  mathematical  expression  from  which  the 
external  tangential  strains  in  snooih-bored  elastic  guns  under  a 
discontinuous  band  of  internal  radial  pressure  may  be  calculated. 


SUJSfAKT 


The  external  tangential  strains  in  smooth-bored  gun  tubes  loaded 
by  a  semi -infinite  band  of  internal  radial  pressure  may  be  represented 
by  an  expression  of  the  form 


J  V  Ci  cos  (3 a  +  C2  sin  (3 &  * 


inhere  o(,  /3,  Cp  and  Cg  are  constants  varying  with  wall  ratio  of  the 
tube.  Curves  of  these  constants  plotted  versus  wall  ratio  are 
contained  in  Figures  1  and  2.  For  wall  ratios  of  1,00  to  2.50,  values 
of  these  constants  may  be  found  from  Figures  1  and  2,  and  the  external 
tangential  strains  may  be  computed.  The  derivatives  of  the  external 
tangential  strains  may  of  course  be  found  similarly  by  using  the  given 
values  of  o(,  /J,  Ci  and  Cg  and  using  the  differentiated  form  of  the 
above  expression,  ' 
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DISCUSSION 


The  elastic  strains  at  the  outer  surface  of  smooth-bored  gun 


tubes  under  internal  radial  pressure  loading  have  been  presented  in 
report1  TOLL  730/137-1.  A  semi-infinite  band  of  pressure  of  unit 
magnitude  extending  over  the  left  side  of  the  infinite  tube  was 
taken  for  the  loading  distribution.  For  convenience,  the  strains 
were  divided  by  the  strain  corresponding  to  a  uniform  radial  pressure 
as  given  by  the  usual  Lame  formula  for  an  open-ended  tube.  The  . 
external  tangential  strains  were  thus  presented  in  the  form 

w  -l 

T~Set 


irfierer 

»  -  wOl  ratio  of  tube  -  sifter 

xnsiae  diameter 

E  *  Young's  Modulus 

*  external  tangential  strain  due  to  the 
semi-infinite  band  of  pressure. 

This  expression,  of  course,  varies  along  the  axial  distance  of  the 
tube,  is,  therefore,  a  function  of  &  where  »  is  measured  in  the 
positive  direction  to  the  right  of  the  point  of  discontinuity  of 
loading.  &  is  considered  negative  at  all' points  to  the  left  of  the 
discontinuity  of  loading.  &  is  axial  distance  measured  in  units  of 
the  bore  radius. 


1  Report  Number  V7AL  730/137-1,  "Stresses  in  Gun  Tubes,  stresses  in 
Guns  under  Combined  Band  and  Gas  Pressures,  Part  2,  Slastic 
Strains  at  the  Outer  Surface  for  Internal  Radial  Pressure,  Basic 
Data. 11 
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Dr.  R.  Beeuwkes,  Jr.  has  presented  in  a  recent  report  an 
interesting  discussion  as  to  the  matching  of  the  function  ct.  He 
points  out  that  an  expression  of -the  form 


with  the  proper  choice  of  the  constants  ,  /Q,  C-^  and  Cg  will  fit 
the  external  tangential  strain  data. 

The  external  tangential  strains  may  be,  therefore,  calculated 

from 


w2-l 


&t 


-  1 


cos  *3%  +  Cg  sin 
e“°^9  ^  c os/3»  ♦  Cg  sin 


for  z  >  0 
for  »  $.  0 


where  values  of  Qf,  ,  Ci  and  Cg  are  found  for  any  wall  ratio  from 
w  *  1.00  to  w  *  2.50  in  Figures  1  and  2. 

In  order  to  correlate  a£  and  /3  with  thin  wall  theory,  and 

ft  have  been  divided  by  A  where 

1 

A-  .  l^SL_  *ere^.  0.885. 

IV8 -ij*  [Ai]4 

2  n 

w  «»1 

From  the  data  in  Figures  1  and  2,  the  values  of  -sj —  Ee^  will 
be  represented  at  least  up  to  an  accuracy  of  .005,  except  for  very 
large  values  of  »,  at  large  values  of  w,  where  the  original  data  in 
some  places  is  in  error  by  a3  much  as  ,020. 


2  Report  Number  WAL  730/419,  "Stresses  in  Thick  Walled  Cylinders." 
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The  derivatives  of  the  external  tangential  strains  which 
appeared  in  UAL  730/137-7  can,  of  course,  be  calculated  by  using  the 
and  C2  values  in  Figures  1  and  2  and  substituting  them 
in  the  derivative  of 

cos  *  Cg  sin  . 
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